Glycine has been used for many years as an orally administered test substance in the study of intestinal absorption. Most authors have utilized a technique measuring the total amino acid nitrogen of the blood at intervals after an oral dose of glycine, with the assumption that increases reflect the amount of glycine absorbed. Althausen, Doig, Uyeyama, and Weiden (1) have demonstrated the validity of this technique, but nevertheless concluded that absorptive tests for proteins and fats generally indicate greater impairment of absorption than do nutritional balance studies (2) .
There have been conflicting reports concerning the absorption of glycine in patients with sprue, although recent work suggests impaired absorption of virtually every normally absorbable substance, including sodium chloride (3) . In 1935, Heath and Fullerton (4) noted similar curves of blood amino acid nitrogen after either oral or intravenous administration of glycine to patients with impaired absorption. They noted that about 75 per cent of an injected dose of glycine disappeared from the blood within four or five minutes. They concluded that glycine is without value in studying the absorptive capacity of the intestine.
However, Erf and Rhoads (5) in 1940 presented evidence suggesting that glycine is absorbed from the gastrointestinal tract more slowly in patients with sprue or pernicious anemia than in normal subjects. Evidence of this abnormality was not demonstrable in the same patients after remission was induced with liver extract. Drew, Dixon, and Samuel (6) found satisfactory absorption of glycine in five patients with sprue in a convalescent state.
In the investigations which form the basis of 1 Present address: Walter Reed Army Institute of Research, Washington, D. C. 2 Present address: Bayamon District Hospital, Bayamon, Puerto Rico.
this repQrt chemical determinations of glycine and serine were carried out, in addition to the usual total amino acid nitrogen determination, in plasma from normal subjects and patients with sprue. This procedure was undertaken because of the role of folic acid in the conversion of glycine to serine and because of presumptive evidence that tropical sprue patients are deficient in this vitamin. The belief that such patients may be deficient in folic acid stems from observations that: 1) they show prompt clinical improvement with the sole addition of folic acid to a protein-poor, vitamin-deficient diet (7), and 2) there is a greatly diminished urinary excretion of folic acid by sprue patients (8) . Das Gupta, Chatterjea, and Basu (9) believe that nutritional macrocytic anemia, sometimes considered as synonymous with sprue, results primarily from a deficiency of folic acid.
It was postulated at the beginning of the study that impaired conversion of glycine to serine might lead to an accumulation of glycine in plasma, thus masking reduced absorption. In addition, the technique described might reveal other changes in the glycine and serine components not recognizable when only the total amino acid nitrogen is measured.
MATERIAL AND METHODS
The diagnosis of "tropical" sprue in relapse was based on the clinical presence of chronic diarrhea, anorexia, weight loss, glossitis, and megaloblastic anemia along with demonstration in the laboratory of impaired absorption of two or more test substances usually D-xylose, vitamin A, and dietary fat (10) . Patients referred to as treated were those who had previously been studied during relapse, or who gave definite historical evidence of such a relapse with response to specific therapy. Treatment with folic acid or vitamin B. was effective in correcting the anemia and bringing about great clinical improvement in all these subjects. However, eight of the nine continued to have episodes of diarrhea and displayed malabsorption for one or more test materials.
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The patient who did not complain of chronic digestive symptoms showed persistent malabsorption of vitamin A.
Fasting subjects were given orally 25 Gm. doses of glycine freshly dissolved in 250 ml. tap water. This was followed by another 250 ml. tap water added to the same glass to ensure that the entire dose was received. Heparinized blood samples were collected immediately before administration of the dose, and one, one and one-half, two, three, and four hours after the dose. Plasma was separated within 20 minutes and proteins were precipitated by the addition of sodium tungstate and sulfuric acid.
Glycine was determined by the method of Alexander, Landwehr, and Seligman (11); serine was determined by the method of Neidig and Hess (12) and total amino acid nitrogen was measured by a modification of the Folin and Wu method (13) .
It was found that sugars normally present in blood interfere with the Neidig and Hess procedure, which involves the oxidation of serine to formaldehyde using periodic acid. In order to adapt the procedure to the measurement of serine in human plasma tungstic acid filtrates were passed through a column of cation exchange resin which retained serine but not the sugars. The following technique proved satisfactory: 5 ml. of blood plasma was precipitated with 5 ml. of 10 per cent sodium tungstate and 40 ml. of 0.083 N sulfuric acid. Twenty ml. of the filtrate was passed through a column containing 3 Gm. of Amberlite IR-120 in the hydrogen form. The column was washed with 30 ml. of distilled water. Elution of serine was accomplished by passing 25 ml. of 2 N sodium hydroxide through the column. The concentration of serine in the eluate was then determined by the Neidig and Hess procedure using all glass distilling equipment. The concentration of serine in the fasting plasma of 20 normal subjects (10 male, 10 female) was found to be 11.1 2.2 micrograms per ml. This value is in close agreement with the findings of Stein and Moore (14) who reported a value of 11.2 micrograms per ml. An average of 97.8 per cent of added serine was recovered in a series of recovery tests.
In every case chemical determinations were completed the same day the dose was given, usually within five hours after collection of the sample. It has been found that erratic results will be obtained, presumably due to proteolysis, unless the plasma is precipitated promptly. Aliquots of pooled plasma samples stored at -200 C. and tested at intervals during the course of a year showed wide variation in results. Protein free filtrates, however, under similar conditions showed satisfactory reproducibility on repeated testing.
For intravenous administration, glycine was added to pyrogen-free normal saline solution to make a 5 per cent glycine concentration and was then autoclaved. Doses were calculated on the basis of hematocrit and estimated blood volume so that comparable doses were given to all subjects. This dose (1 to 2.0 Gm.) would yield a concentration of 500 micrograms per ml. if immediately injected and yet would leave measurable quantities at the end of the 10 minute infusion period allowing for the rapid rate of plasma clearance. Samples were collected immediately after the injection, and 5, 15, 30, and 60 minutes after the end of the injection.
RESULTS
The plasma concentrations of glycine, serine and total amino acid nitrogen following oral administration of glycine are shown in Tables I, II, The mean plasma values of glycine after oral administration of glycine are shown graphically in Figure 1 . Plasma serine values determined at the same time are shown graphically in Figure 2 . The mean serine value in the untreated subjects is higher at both three and four hours than the highest mean serine value in the normal persons. On the other hand, the mean value for glycine in untreated subjects does not The total amino acid nitrogen values in the same subjects are shown in Figure 3 , the results being generally similar to the curves obtained with the glycine determination.
Figures 4, 5, and 6 illustrate total amino acid nitrogen and the increases above the fasting amino acid nitrogen attributable to glycine and to glycine plus serine. All values were converted to mg. of amino acid nitrogen per 100 ml. plasma. Glycine makes up about 60 per cent of the increase during the first two hours in the normal subjects, and serine accounts for another 3 or 4 per cent. The remainder is presumably due to other amino acids derived from glycine. The patterns suggest a relationship between increases in glycine nitrogen and total amino acid nitrogen, confirming the validity of using total amino acid nitrogen as an index of glycine absorption.
The results of intravenous glycine administration are shown in Figure 7 . At the end of five minutes less than 100 micrograms per ml. of plasma remained in each subject of the injected dose, which was calculated to produce a concentration of 500 micrograms per ml. if immediately injected. Thus, over 80 per cent of the injected dose disappeared from the plasma of all subjects within 5 (18) , choline (18) , heme (19) , nucleic acid purines (20) , and various proteins (21) . Nine molecules of glycine are thought to be required for the synthesis of each molecule of porphyrin (22) . In addition to the evidence previously cited of the rapid rate of plasma clearance after intravenous injection (4), there is evidence from other sources that glycine is utilized rapidly from the plasma. Edmonds and LePage (20) found that radioactivity from tagged glycine begins to appear in nucleic acids of rats within 20 FATN (21) report appearance of protein bound radioactivity in the pancreatic secretion of rats beginning one hour after injection of glycine-C14 and reaching a peak in three hours. Dimant, Landsberg, and London (23) have reported a rapid incorporation of C14-labelled glycine into the red cell glutathione of humans. They cite evidence that this glycine is in a dynamic state with a half-time value of approximately four days.
There is evidence from a variety of sources (16, 18, (24) (25) (26) (27) that folic acid derivatives are needed for the interconversion of glycine and serine. Alexander and Greenberg (24) , using an enzyme in vitro, found that the reaction predominantly proceeds toward the formation of serine. Pyridoxine is also needed for this reaction (24, 28) . Elwyn and Sprinson (26) found that in folic aciddeficient rats conversion of serine to glycine occurred at about one-sixth of the normal rate.
Urinary excretion does not appear to be a major factor in lowering the plasma concentration of glycine. Doolan, Harper, Hutchin, and Shreeve (29) (Figures 1 through 3) indicate that in general the serine and total amino acid nitrogen values reflect whatever pattern is found with glycine.
The curve of mean total amino acid nitrogen from untreated subjects (Figure 3 ) is similar to the results presented by Althausen and co-workers (1), who also found the peak of absorption at the fourth hour in a man who retained only 18 to 24 inches of small intestine after extensive surgical resection. These authors found a peak absorption value in normals at one to two hours comparable to results in our series. In other words, the curve of glycine absorption in untreated sprue is like the pattern seen in malabsorption due to anatomical loss of a large portion of the small intestine.~s The shape of the various curves appears to be of some diagnostic value. For example, three of the eight untreated subjects achieved a peak glycine concentration as high as the mean peak value for normal controls, but in each instance the peak was delayed in patients with sprue to two, three, and four hours, respectively. In all cases there was a slow continued rise rather than a sharp peak followed by a decline. This pattern was not observed in normal subjects. Curves from treated patients are consistently intermediate between those of patients in relapse and normal subjects. This finding is no doubt due to individual variation in degree of response to therapy. It is felt that the pattern of uptake is of more diagnostic value than absolute concentrations at any given time. Since hastened removal of glycine from blood does not appear to be a factor ( Figure  7 ), delayed intestinal absorption is the most likely explanation for the abnormal curves found in sprue patients. Reduced intestinal motility could be a contributory factor.
Examination of the curves of component increments indicates that glycine accounts for 50 to 60 per cent of the increase in amino acid nitro-gen at the high point of each curve, and serine constitutes an additional 3 or 4 per cent. The remainder is presumably a pool of other amino acids derived from glycine. There does not appear to be a constant ratio between the concentrations of glycine and serine.
There is no evidence of impaired conversion of glycine to serine. Actually the serine values rise to significantly higher levels in untreated sprue patients than in normal persons or patients with sprue in remission. This observation suggests that although untreated sprue patients are deficient in folic acid the deficiency is not severe enough to impede this pathway of glycine utilization. Presumably suboptimal levels of folic acid and its derivatives affect certain tissues and biochemical reactions more than others. The increase in serine in untreated subjects four hours after glycine dosage remains unexplained. It is possible that an abnormality exists in other pathways involving serine utilization, or that glycine is shunted into the serine pool from another reaction. SUMMARY 1. Concomitant chemical determinations of plasma glycine, serine, and total amino acid nitrogen after oral glycine administration have been carried out in nine normal subjects, eight persons with sprue in relapse, and nine persons with sprue in remission.
2. The curves indicate a slow rate of intestinal absorption and a delayed peak value in untreated subjects as compared with normals. Treated subjects were intermediate between the two.
3. The curves are similar in pattern for each substance in any given category of subjects, suggesting that serine and total amino acid values are directly related to the rate of glycine absorption from the intestine.
4. There is no evidence of impaired conversion of glycine to serine in patients with sprue in relapse. Such patients display significantly higher concentrations of plasma serine after oral ingestion of glycine than do normal persons, suggesting an impairment of serine utilization.
